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Synthesis and Characterisation of 1[ClO 4 ] 2 ·solv Structure refinement details for 1[ClO 4 ] 2 ·solv
Unless otherwise stated, the following procedures were used to model disordered residues. For disordered isopropylsulfanyl groups, fixed restraints were applied: C(pyridyl)-S = 1.75 (2) , C(alkyl)-S = 1.82 (2) , C-C = 1.52(2), 1,3-C-C-C = 2.48(2) and 1,3-C-S-C = 2.83(2) Å. In contrast, refined B-F or Cl-O, and F…F or O…O, distance restraints were applied to disordered anions. Unless otherwise stated all non-H atoms with occupancy >0.5 were refined anisotropically, and H atoms were placed in calculated positions and refined using a riding model. At 250 K, one of the isopropyl substituents on the complex cation is disordered over two equally occupied orientations, which modelled successfuly without restraints. Both ClO 4 -ions are also disordered, one over two half-occupied sites and the other over three equally occupied orientations. Finally, the nitromethane molecule is also disordered and was refined with three sites with occupancies of 0.50, 0.35 and 0.15. These were modelled with the fixed restraints C-N = 1.45 (2) , N-O = 1.22 (2) , O...O = 2.09(2) and C...O = 2.32(2) Å. The nitromethane molecule and one perchlorate ion were still disordered at 147 and 100 K, which were refined using the same procedures with slightly different occupancy patterns at the two temperatures. CCDC [1428759] [1428760] 1563026 Structure refinements of 1[ClO 4 ] 2 ·MeCN. In the high temperature structure, one isopropyl substitutent is disordered over two equally occupied orientations, which were modelled with fixed distance restraints. Both anions are also disordered, one over two sites and the other over three sites. Finally, the acetonitrile molecule is also disordered across three sites with occupancies of 0.40, 0.40 and 0.20. These were modelled with the fixed restraints C-C = 1.48(2), C-N = 1.15(2) and 1,3-C-C-N = 2.63(2) Å. None of this disorder was evident in the same structure at 142 K. CCDC 1428761-1428762
Structure refinements of 1[ClO 4 ] 2 ·yMe 2 CO (y ≈ 0.70). At 250 K, one isopropyl substituent is disordered over three equally occupied orientations, two of which share a common S atom. These were modelled as above. Both ClO 4 -ions are also disordered, over two and three equally occupied orientations. Finally, the acetone solvent molecule is also badly disordered. Three partial solvent sites were located in the Fourier map, which were each refined with 0.25-occupancy. The fixed restraints C-O = 1.22 (2) , C-C = 1.51(2), 1,3-C...C = 2.62(2) and 1,3-C...O = 2.37(2) Å were applied to these sites. An anti-bumping restraint was also required in this structure between H(15) and the symmetry-related solvent methyl group C(54 vi ) (symmetry code: (vi) 1−x, 1−y, 1−z). All fully occupied non-H atoms, plus the two-thirds occupied S atom, were refined anisotropically. Apart from one perchlorate ion which had become ordered, the same disorder was still present in the 147 K structure and was modelled in the same way. CCDC 1428763-1428764 -ions are also disordered, one over two half-occupied sites and the other over three equally occupied orientations with a common fully occupied Cl atom. Lastly, the water molecule was also refined over three different sites, whose occupancies sum to 0.90. A whole molecule of water was included for the density and F(000) calculations, however, since this was more clearly resolved in the low temperature refinement from the same crystal. One of the ClO 4 -ions remains disordered in the low temperature structure, over two orientations with refined occupancies of 0.75:0.25. The water molecule, which hydrogen bonds to the disordered anion, is also distributed across two sites with the same refined occupancy ratio. All non-H atoms, including the disordered anion, were refined anisotropically. The disordered water H atoms were not located in the Fourier map at either temperature and are not included in the refinements, but are accounted for in the density and F(000) calculations. CCDC 1563027-1563028
Structure refinements of 1·sf. At 250 K one of the isopropylsulfanyl substitutents is disordered over three equally occupied orientations. Both anions are also disordered, over two and four equally occupied orientations respectively. At 100 K all this disorder had frozen out except for one ClO 4 -ion, for which two sites were resolved with occupancies of 0.65:0.35. There is no residual Fourier peak in either refinement in the region of the asymmetric unit occupied by the solvent. However, SQUEEZE analyses 3 at each temperature located solventaccessible voids of 90-138 Å 3 per unit cell (45-69 Å 3 per solvent cavity), containing just 4-7 unresolved electrons per unit cell (1-2 electrons per formula unit). CCDC 1563029-1563030 250 (2) 147 (2) 250 (2) 100 (2) 250 (2) 118 (2 
Definitions of the Structural Parameters in Tables S2 and S6 and  are defined as follows:
where  i are the twelve cis-N-Fe-N angles about the iron atom and  i are the 24 unique N-Fe-N angles measured on the projection of two triangular faces of the octahedron along their common pseudo-threefold axis (Scheme S1).  is a general measure of the deviation of a metal ion from an ideal octahedral geometry, while  more specifically indicates its distortion towards a trigonal prismatic structure. A perfectly octahedral complex gives =  = 0. 6, 7 Because the high-spin state of a complex has a much more plastic structure than the low-spin, this is reflected in and  which are usually much larger in the high-spin state. The absolute values of these parameters depend on the metal/ligand combination in the compound under investigation, however.
Scheme S1. Angles used in the definitions of the coordination distortion parameters  and .
Scheme S2. Definition of the Jahn-Teller distortion parameters  and .
These two parameters define the magnitude of an angular Jahn-Teller distortion, that is often observed in high-spin
2+ ( ≤ 90º, ≤ 180 º). 8, 9 They are also a useful indicator of the molecular geometry, in defining the disposition of the two ligands around the metal ion.
Spin-crossover can be inhibited if and  deviate significantly from their ideal values, because the associated rearrangement to a more regular low-spin coordination geometry (≈ 90º, ≈ 180º) cannot be accommodated by a rigid solid lattice. 9, 10 Conversely, significant changes in and  between the spin states can be associated with greater SCO cooperativity. Table S2 . Displacement ellipsoids are at the 50 % probability level, and H atoms have been omitted for clarity. Colour code: C, white; Fe, green; N, blue; S, purple. 250 (2) 142 (2) 250 (2) 147 (2) 100 (2 250 (2) 147 (2) 250 (2) 100 (2) 250 (2) 118 (2 Colour code: C{complex}, white; C{solvent}, dark gray; H, pale gray; Cl, yellow; Fe, green; N{complex}, pale blue; N{solvent}, dark blue; O, red; S, purple. Figure S4) . 20.422 (7) 11.844 (3) 15.500 (7) 103.31 (3) 3648 (2) Data in Figure 1 of the main article were measured at the slower scan rate of 0.4 Kmin -1 . Top: measurements at three different scan rates, showing the increased high→low-spin conversion at slower scan rates.
Bottom. the change in χ M T as the sample is poised at three different temperatures for 60-80 minutes (), allowing it to relax to its thermodynamic spin-state population at each temperature. The fully low-spin material was achieved after 80 minutes at 100 K, which was then subjected to a full cooling/warming cycle (). Top: measurements at three different scan rates, showing a slightly increased high→low-spin conversion at slower scan rates.
Bottom. the change in χ M T as the sample is poised at 100 K for 520 minutes (), allowing it to relax to its thermodynamic spin-state population which was then subjected to a full cooling/warming cycle (orange line).
In contrast to 1[ClO 4 ] 2 ·MeNO 2 , the dependence of χ M T on scan rate in these data is extremely small. Therefore, these χ M T data accurately reflect the thermodynamic spin-state population of 1[ClO 4 ] 2 ·Me 2 CO near 100 K. 
Photomagnetic measurements
Photomagnetic measurements were performed using a set of photodiodes coupled via an optical fibre to the cavity of a MPMS-55 Quantum Design SQUID magnetometer operating at 2000 G. The powder sample was prepared in a thin layer (~0.1 mg) to promote full penetration of the irradiated light. The sample mass was obtained by comparison with the thermal spin transition curve measured on a larger, accurately weighed polycrystalline sample. The sample was first slow cooled to 10 K, ensuring that potential trapping of HS species at low temperatures did not occur. Irradiation was carried out at a set wavelength and the power of the sample surface was adjusted to 5 mW cm −2 . Once photo-saturation was reached, irradiation was ceased and the temperature increased at a rate of 0.3 K min −1 to~100 K and the magnetisation measured every 1 K to determine the T(LIESST) value given by the minimum of the χ M T/T vs T curve for the relaxation.
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The T(LIESST) value describes the limiting temperature above which the light-induced magnetic high-spin information is erased in a SQUID cavity. In the absence of irradiation, the magnetisation was also measured over the temperature range 10-290 K to follow the thermal spin transition and to obtain a low temperature baseline. Kinetic studies of LIESST relaxation were performed by irradiating the sample at 10 K until photo-saturation, then, under constant irradiation the sample was warmed to a desired temperature around the T(LIESST) region. At the desired temperature, irradiation is stopped and the decay of the magnetisation signal was followed for several hours, or until complete relaxation back to the low-spin baseline. 2 All diffraction data were collected with an Oxford Diffraction Xcalibur3 diffractometer, using monochromated Mo-K α radiation (λ = 0.71073 Å). The diffractometer was fitted with a liquid nitrogen Oxford Cyosystems 700 series lowtemperature device for measurements down to 80 K, or with a Helijet Oxford Diffraction helium cryostat for measurements below 30 K. Experimental details of the structure determinations are given in Table S4 . The structures were solved by dual-space direct methods (SHELXT 4 ) , and developed by full least-squares refinement on F 2 (SHELXL 4 ). Crystallographic figures were prepared using X-SEED.
Single crystal X-ray
5
Structure refinement details for 1[BF 4 ] 2 •solv
Unless otherwise stated, all non-H atoms were refined anisotropically, and H atoms were placed in calculated positions and refined using a riding model. Disordered anions were modelled using fixed B-F distance restraints.
Structure refinements of 1[BF 4 ] 2 ·MeNO 2 .
Three different crystals of this compound were measured, which all showed the same phase behavior. The best data obtained are presented in this paper, which were collected from two different crystals. The first crystal was measured at 100 K, and the second crystal was used for measurements at 15 K before and after irradiation with 660nm cw-laser at~3.5mW laser power. Each structure adopts a different crystallographic phase. In phase 1 (higher symmetry low-spin) at 100 K, the F atoms in both anions are disordered over two sites, with refined occupancy ratios of 0.82:0.18, and 0.74:0.26. Disorder in the MeNO 2 molecule was also evident, which was treated using partial O atom environments. No disorder is present in phase 2 (lower symmetry low-spin due to cell tripling along b-axis), but one of the two unique solvent sites in phase 3 (high-spin) is also disordered and was modelled in the same way. In case of phase 3 the reflections conditions have been fulfilled only for 2 1 screw axis, n-glide plane is no longer present. Therefore the non-centrosymmetric space group, P2 1 has been assigned. In addition, phase 3 has been treated with an inversion twin due to possible domain formation or crystal breaking upon irradiation at 15 K. Weak diffraction at 15 K and symmetry breaking upon photoexcitation can explain the higher Flack parameter in phase 3.
CCDC 1564670-1564672.
Structure refinements of 1[BF 4 ] 2 ·MeCN.
An initial experiment at 15 K afforded the thermally trapped high-spin form of the compound. Either the crystal was already exposed to light during the mounting process, or it was cooled too quickly in the helium stream to undergo thermal SCO. In any case, due to technological limitations of the Helijet cryostat the crystal could not be warmed above its higher T(LIESST) temperature (108 K) to ensure complete relaxation to its low-spin state. Therefore, a structure of the low-spin state of this compound at 15 K was not obtained.
The LIESST process was instead monitored in a new crystal, at the higher temperature of 85 K. For photoexcitation 660nm cw-laser was used at~2mW laser power. In the low spin form at 85 K, one BF 4 -ion is disordered over two sites, with refined occupancies of 0.52:0.48, which are related by rotation about one B-F bond. No disorder is present in the two high-spin structures.
CCDC 1564667-1564669.
Structure refinements of 1[BF 4 ] 2 ·H 2 O. The structure was determined at 20 K, before and after irradiation for the same crystal. For photoexcitaiton 660nm cw-laser was used at~3.5mW laser power. One BF 4 -ion is disordered in both structures, over two sites with an approximate 0.95:0.05 occupancy ratio. Pairs of partial F-atoms were constrained to the same anisotropic displacement ellipsoids with the SHELXL EADP instruction and where necessary, restrained with the SHELXL ISOR instruction. The water H atoms were located in the Fourier map and allowed to refine, with U iso constrained to 1.5x U eq (O). CCDC 1564665-1564666. Scheme S3 Ligands referred to in Table S5 .
Figure S9 Plot of T ½ vs T(LIESST)
for the compounds in this work (black circles), and of previously published compounds from our laboratory (red squares; Table S5 ). The graph is the same as Fig. 2 in the main article.
The red dashed line shows eq 1 with T 0 = 155 K, close to the T 0 = 150 K correlation that was originally proposed to apply to this family of compounds. 13, 15 T
The black dashed line is the best fit linear regression to the new compounds in this study (eq 2), excluding 1[BF 4 ] 2 ·MeCN. The fitted parameters are T 0 = 108 K anpd a = 0.13. Figure S10 . Table S5 . Displacement ellipsoids are at the 50 % probability level, and H atoms have been omitted for clarity. Colour code: C, white; Fe, green; N, blue; S, purple. T = 250 K, phase 1, high-spin [2] T = 100 K, phase 1, low-spin Colour code: C{complex}, white; C{solvent}, dark gray; H, pale gray; B, pink; F, cyan; Fe, green; N{complex}, pale blue; N{solvent}, dark blue; S, purple. The negligible change in unit cell volume during the hysteretic thermal spin transition is consistent with our previous report. 2 The small negative volume expansion after isothermal low→high-spin photoconversion is a rare observation. 22, 23 
